Approximately half of individuals newly admitted to long-term care (LTC) nursing homes (NHs) experienced a prior hospitalization followed by discharge to a skilled nursing facility (SNF). The objective was to examine characteristics associated with new institutionalizations of older adults on this care trajectory. DESIGN: Retrospective cohort study. SETTING: SNFs and LTC NHs. PATIENTS: Medicare fee-for-service beneficiaries admitted to 7,442 SNFs in 2013 (N = 597,986). MEASUREMENTS: We used demographic and clinical characteristics from Medicare data and the Minimum Data Set. We defined "new institutionalization" as LTC NH residence for longer than 90 non-SNF days, starting within 6 months of hospital discharge. RESULTS: For individuals who survived 6 months after hospital discharge, the overall rate of new LTC institutionalizations was 10.0% (N = 59,736). Older age, white race, being unmarried, Medicaid eligibility, higher income, more comorbidities, cognitive impairment, depression, functional limitations, hallucinations and delusions, aggressive behavior, incontinence, and pressure ulcers were associated with higher adjusted odds of new LTC institutionalization. In analyses stratified according to race and ethnicity, higher income was associated with lower odds of LTC institutionalization for whites (odds ratio (OR) = 0.92, 95% confidence interval (CI) = 0.89-0.96) and greater odds for blacks (OR = 1.40, 95% CI = 1.27-1.55) and Hispanics (OR = 1.44, 95% CI = 1.25-1.66). Moderate or severe depression, functional limitations, hallucinations and delusions, aggressive behavior, and being unmarried were stronger risk factors for LTC for cognitively intact
A ging in place is an important, person-centered outcome. 1 Considerable resources are dedicated to providing services that allow older individuals to remain in the community rather than move to institutional settings. [2] [3] [4] Older age, [5] [6] [7] [8] [9] [10] [11] [12] [13] cognitive impairment, 6, 9, [11] [12] [13] [14] [15] [16] functional impairment, [6] [7] [8] [9] 13, 15, 17 and lack of social support [8] [9] [10] 12, 14, 15, 18 are known risk factors for institutionalization in nursing homes (NH), and NH placement is more common for whites than minority populations. 10, 14, 19, 20 These prior studies differed in the population studied (community cohort vs hospitalized individuals) and outcome (long-term care (LTC) (NH) vs any nursing facility).
Older adults who are hospitalized are frequently discharged to skilled nursing facilities (SNFs) for further recuperative care. 21 Even with these additional services, not all are able to return to the community. Because institutionalization in LTC NHs often follows hospitalization and a subsequent SNF stay, 11, 14, 22 a better understanding of the risk factors for institutionalization along this care trajectory can help inform prevention efforts.
We used a national cohort of Medicare beneficiaries to examine the characteristics associated with new institutionalizations in LTC NHs of older adults who experienced a hospitalization followed by a SNF stay. We were particularly interested in whether risk factors varied according to race and ethnicity, age group, and level of cognitive function. Based on previous research 12, 19, 20 and clinical experience, we hypothesized that the associations between known risk factors and institutionalization in LTC NHs would be weaker with older age and poorer cognitive function. We also hypothesized that risk factors would differ according to race and ethnicity.
METHODS

Data Sources
We used the following 100% Medicare files from 2012 to 2014-Medicare Provider Analysis and Review (MedPAR), Beneficiary Summary, and Resident Assessment Instrument Minimum Data Set 3.0 (MDS)-and linked them using unique encrypted beneficiary identification numbers. We used Medicare Provider of Services files to obtain information on the location (ZIP code) of SNFs. 23 Median household income in the beneficiary's ZIP code of residence was obtained from the 2013 American Community Survey estimates of the U.S. Census Bureau. 24 A data use agreement was obtained from the Centers for Medicare and Medicaid Services (CMS). The University of Texas Medical Branch institutional review board approved the research.
Study Population
We identified individuals who received SNF services within 3 days of hospital discharge in 2013 and selected the first occurrence if an individual had more than 1 over the year (N = 1,652,492). To ensure we had complete data on the predictors of interest, some of which required a 1-year look back, and the outcome, which required a 6-month follow-up, we excluded individuals younger than 66 on January 1, 2013, and those without continuous Medicare Part A (Medicare Advantage) enrollment over the year before and the 6 months after the index hospitalization (N = 343,883). We also excluded SNF residents without complete MDS assessment data (N = 244,897). Our outcome was new institutionalizations, so we excluded individuals who had resided in LTC NHs at any time over the 6 months before their index hospitalization (N = 145,163). We also excluded individuals living outside the United States and those with outlier hospital lengths of stay, which we defined as more than 2 standard deviations from the geometric mean for their Diagnosis-Related Group (DRG) Major Diagnostic Category (MDC) (N = 41,390). Our goal was to ensure that the cohort was representative of typical patients, not those experiencing excessively long hospitalizations due to factors not captured in administrative data. We excluded individuals in SNFs with fewer than 25 discharges (N = 66,506) and those who did not survive for 6 months after hospital discharge (N = 212,667). The final cohort included 597,986 individuals (Supplementary Figure S1 ).
Outcome
The outcome was new institutionalization, defined as residence in a LTC NH for at least 90 days starting within 6 months of discharge from a hospital to a SNF. Days in SNF care did not count toward the 90 days. We differentiated LTC days from SNF days using methods similar to those of a previous study. 25, 26 We identified claims for SNF stays in the MedPAR files; MDS episodes outside of SNF dates were considered LTC stays. We have validated this approach against Medicaid data and found that it has 91% sensitivity and 87% positive predictive value. 26 
Characteristics
We extracted information on individuals' age, sex, race and ethnicity, and Medicaid eligibility (simultaneous enrollment in Medicare and Medicaid) 27 from the Beneficiary Summary files. We obtained information on length of stay and primary diagnosis (DRG MDC) for the index hospitalization from the MedPAR files. We also extracted all diagnoses from the index and other hospitalizations over the prior year to identify Elixhauser comorbidities. 28 The MDS is a comprehensive assessment administered to prospective payment system SNF residents at multiple time points during their stay, including within 8 days of admission. 29 The instrument includes standardized items related to hearing, speech, vision, cognition, mood, behavior, functional status, bowel and bladder management, health conditions, swallowing and nutritional status, oral and dental status, skin conditions, medications, and receipt of special treatments or procedures. 29 The MDS 3.0 items demonstrate good reliability and validity. 30 We used the first MDS assessment from the individual's SNF stay to obtain information on their marital status (married, unmarried), cognitive status (cognitively intact, mildly impaired, moderately to severely impaired), 31 mood (no depression, minimal to mild depression, moderate to severe depression), 32, 33 functional status (6 activity of daily living (ADL) items), and prognosis (life expectancy< vs ≥6 months). We also used these assessment files to determine whether individuals experienced hallucinations or delusions; displayed aggressive behavior (none, moderate, severe); 34 were continent of bladder and bowel; had a urinary catheter; had an ostomy; had a pressure ulcer; were on a ventilator or respirator; or received an insulin injection, oxygen therapy, cancer treatment, tracheostomy care, intravenous medication, blood transfusion, dialysis, or hospice care. The look-back period for the included MDS items is 7 days, with the exception of mood, which has a 2-week look-back. 29 We used questions from the MDS 3.0 to create a modified Aggressive Behavior Scale categorical variable. The original scale was created using items in the MDS 2.0, and we used the equivalent items from the MDS 3.0. 34 Tetrachoric or polychoric correlations were performed to measure correlations between the functional status items (6 ADL items) and the bladder and bowel items. 35 The largest tetrachoric correlation between the functional items was 0.90. Because of this intercorrelation, we created a composite score (range 0-24) for functional status (higher scores indicating greater need for assistance with ADLs). The polychoric correlations between the bladder and bowel items were 0.76 or greater. Therefore, we created a single two-category predictor: continent of bladder and bowel.
Data Analysis
We calculated rates of new institutionalizations for the overall cohort and according to patient characteristic. We then examined whether rates varied at the state level. Medicaid, rather than Medicare, is the primary payer for LTC services and supports. 2 The proportion of Medicaid spending for home-and community-based LTC services varies according to state. 2 Rates of new LTC institutionalizations varied according to state, so all subsequent analyses included the patient's state of residence as a fixed effect. We used logistic regression to determine the association between patient characteristics and new institutionalizations. We performed unadjusted and adjusted analyses. Adjusted analyses included the patient characteristics listed in Table 1 , DRG MDCs (Supplementary  Table S1 ), and state of residence. We estimated a fully interacted (all possible two-way interaction terms) logistic regression model and then performed stratified analyses for all significant interaction terms. Analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).
RESULTS
Cohort characteristics are presented in Table 1 . The average age was 81.7 AE 7.8, 87.7% were white, and 68.1% were female. The overall rate of new LTC institutionalizations was 10.0% (N = 59,736). The median length of stay over the year after admission to LTC was 252 days (interquartile range 181-295 days). Only 7.1% (N = 4,228) were discharged to the community within 1 year of admission, and 18.5% (N = 11,040) died. Rates of new institutionalizations varied according to state (Figure 1 ). In general, rates were lowest in the West and Southwest (Arizona, 3.4%; Utah, 3.6%; Oregon, 4.6%) and highest in the central United States (South Dakota, 14.8%; Louisiana, 14.7%; Iowa, 14.6%).
Unadjusted and adjusted odds ratios (ORs) from the models estimating new institutionalization are presented in Table 1 . The C-statistic for the multivariate logistic regression model was 0.83, indicating strong predictive accuracy. As expected, older age (OR = 2.98, 95% confidence interval (CI) = 2.55-3.47, ≥91 vs 66-70), being unmarried (OR = 1.30, 95% CI = 1.27-1.34), and being eligible for Medicaid (OR = 4.04, 95% CI = 3.79-4.30) were associated with higher odds of new LTC institutionalizations. Residing in ZIP codes further from the SNF was associated with lower odds (OR = 0.85, 95% CI = 0.78-0.92, ≥15.8 km vs same ZIP code as SNF). In unadjusted analyses, blacks and Hispanics had higher odds of new institutionalizations than whites, although this association reversed after adjustment for clinical and sociodemographic characteristics (OR = 0.87, 95% CI = 0.79-0.96 for blacks; OR = 0.72, 95% CI = 0.61-0.83 for Hispanics). Similarly, women had higher odds than men in unadjusted analyses but lower odds in adjusted analyses (OR = 0.90, 95% CI = 0.86-0.94). In unadjusted analyses, individuals residing in ZIP codes with higher median incomes had lower odds of new institutionalization but higher odds after adjustment (OR = 1.17, 95% CI = 1.10-1.25, top vs bottom quartile).
Individuals with more comorbidities had higher odds of new LTC institutionalization. There were also a number of clinical characteristics from the MDS that predicted subsequent institutionalization: cognitive impairment (OR = 1.59, 95% CI = 1.35-1.89, moderately to severely impaired vs intact), depression (OR = 1.25, 95% CI = 1.14-1.38, moderate to severe vs none), and functional limitations (OR = 2.31, 95% CI = 1.90-2.80, ADL score 19-24 vs 0-6). Patients experiencing hallucinations or delusions (OR = 1.36, 95% CI = 1.28-1.45) or displaying aggressive behavior (OR = 1.66, 95% CI = 1.55-1.78, severe vs none) also had higher odds, as did those with incontinence (OR = 1.86, 95% CI = 1.81-1.90) or pressure ulcers (OR = 1.28, 95% CI = 1.21-1.35).
Subgroup Analyses
The ORs from all stratified analyses for significant interaction terms are presented in Supplementary Table S2 . There were a number of significant interactions according to race and ethnicity, age, and cognitive function. In Figure 2 , we show selected adjusted ORs stratified according to age. Being unmarried and having more comorbidities were stronger predictors in those aged 66 to 70 than those aged 81 to 85 and 91 and older. For example, the odds of institutionalization for individuals aged 66 to 70 were greater for those who were unmarried than for those who were married (OR = 1.64, 95% CI = 1.49-1.81), whereas the odds for those aged 91 and older who were unmarried were not that much greater than for those who were married (OR = 1.10, 95% CI = 1.04-1.17).
We present adjusted ORs from the stratified analyses for race and ethnicity in Table 2 . Higher income was associated with lower odds of new institutionalization for whites (OR = 0.92, 95% CI = 0.89-0.96) and greater odds for blacks (OR = 1.40, 95% CI = 1.27-1.55) and Hispanics (OR = 1.44, 95% CI = 1.25-1.66). Moderate to severe cognitive impairment was a stronger predictor of new institutionalization in whites (OR = 1.76, 95% CI = 1.49-2.08) than blacks (OR = 1.38, 95% CI = 1.16-1.65). Selected adjusted ORs from stratified analyses for cognitive function are presented in Table 3 . Moderate to severe depression, functional limitations, hallucinations and delusions, aggressive behavior, and being unmarried were stronger risk factors in individuals who were cognitively intact than those with moderate to severe cognitive impairment.
We performed sensitivity analyses in a cohort that included those who died over the 6 months after hospital discharge (N = 810,653), with new institutionalization defined as residence in a LTC NH for at least 90 days or until death, starting within 6 months of discharge from a hospital to a SNF. Adjusted ORs for the sensitivity analysis are presented in Supplementary Table S3 . The overall rate of new institutionalizations was 12.8%. The direction of associations remained the same as with the original analysis except for income in the highest quartile, which was associated with slightly lower odds (OR = 0.96, 95% CI = 0.94-0.98) in the sensitivity analysis and higher odds in the original analysis. Insulin injection was associated with the outcome in the sensitivity analysis (OR = 1.03, 95% CI = 1.01-1.05) but not in the original analysis, Table S1 ) and state of residence. Also included in the model were a number of characteristics from the Minimum Data Set with very low prevalence, including poor prognosis, cancer treatment, tracheostomy, ventilator, recent transfusion, dialysis, and hospice care. The C statistic for the model was 0.83. whereas pressure ulcers were not associated with the outcome in the sensitivity analysis, but were in the original analysis. Cognitive impairment was more strongly associated with the outcome in the sensitivity analysis than the original analysis.
DISCUSSION
In this national cohort of community-dwelling older adults discharged to SNFs after hospitalization, 10.0% of those who survived for 6 months had a subsequent LTC admission. This rate is higher than the new LTC institutionalization rate of 3.6% for Medicare beneficiaries discharged from the hospital 36 because individuals discharged to a SNF are at greater risk of institutionalization. 11, 14, 22 Previous research indicates that whites are more likely to be institutionalized in NHs than other races and ethnicities, 10, 13, 20, 37 whereas the relationship between socioeconomic status and risk of institutionalization is less consistent. 10, 13 Our results also found a higher risk for whites, after adjusting for patient demographic characteristics, socioeconomic status, and comorbidities. Furthermore, there were a number of significant interactions between race and ethnicity and other patient characteristics. Higher income had a protective effect in whites, but in blacks and Hispanics, higher income was associated with greater odds of institutionalization. These findings differ from those of previous studies reporting lower risk of institutionalization in blacks with better socioeconomic status. 20, 37 The inconsistency may be related to the different socioeconomic status indicator variables used or to cohort differences. We used the median income in an individual's ZIP code of residence as a proxy for socioeconomic status. Prior studies used self-reported nonhousing wealth 37 or dichotomized income to above versus below $10,000. 20 We studied individuals discharged from hospitals to SNFs, which represents a specific and common trajectory leading to institutionalization. The interplay of race and ethnicity and economic resources may be different along this pathway than along other pathways (e.g., direct admission to LTC from home). Finally, we studied risk of LTC NHs, whereas other studies have conflated SNF and LTC stays under the rubric of "NH."
Although the association between older age and risk of institutionalization is well established, [5] [6] [7] [8] [9] [10] [11] [12] [13] less is known about whether risk factors differ between age groups within the older adult population. In general, the strength of associations between risk factors and new institutionalizations diminished as age increased. In some cases, the association disappeared, such as with comorbidities.
A strength of our study is that we used risk factors assessed at the time of a precipitating event (hospitalization followed by SNF admission), not at the time of institutionalization. This allows findings to inform proactive efforts focused on preventing institutional care. Avoiding unnecessary institutionalization is a reasonable objective. 38 The variation in rates according to state supports the concept that some future institutionalizations of individuals discharged from acute care hospitals to SNFs may be preventable.
Comprehensive prevention efforts may need to target persons at greater risk. In addition to modifying mutable risk factors, efforts may need to focus on addressing gaps in home-and community-based services and supports. Not all new institutionalizations will be avoidable with the current services and supports available, but a clear picture of the individuals at higher risk of institutionalization will guide resource development and foster aging-in-place initiatives. Home-and community-based LTC services and supports can be customized to the needs of those who continue to require institutional-level care. Our findings extend previous research and can help inform these efforts.
Successful discharge to the community, defined as discharge to a community setting and remaining there without an unplanned rehospitalization or death for 31 days, is a new quality measure for SNFs. 39 We present the patient Figure 2 . Odds of new institutionalization from age groupstratified analyses adjusted for all patient characteristics listed in Table 1 plus the Diagnosis-Related Group Major Diagnostic Categories in Supplementary Table S1 and state of residence. CI = confidence interval. characteristics associated with greater risk of institutionalization after SNF discharge. These findings may help inform risk adjustment for the new community discharge quality metric.
Limitations
We used Medicare claims and assessment data to address our study objectives. Although this provided a national sample, these data were not collected for research purposes. Information regarding the accuracy of data entry is not available. Use of this data limits the generalizability of our findings to the Medicare fee-for-service population. Our definition of "LTC" differs from the definition that CMS uses for quality reporting. CMS dichotomizes NH residents as short stay or long stay based on how long they have been in the facility. Individuals residing in a NH for more than 100 days are considered long-stay residents. 40 We defined "LTC" as residing in a NH for 90 days, excluding any days in which the individual received SNF services. Our approach allowed us to differentiate between the two disparate populations within NHs, those receiving postacute recuperative SNF services and those residing in the facility more permanently. The importance of distinguishing between these populations is highlighted in other work. 25, 26, 41 We were interested in new institutionalizations of individuals discharged from acute care hospitals to SNFs. This represents a vulnerable population at high risk of future institutionalization but limits the generalizability of our findings to others on this care trajectory. An important area for future research will be examining risk factors along other pathways (e.g., other post-acute care settings). Future research is also needed to better understand the role SNF quality plays in risk of institutionalization. SNF quality may have a mediating effect on risk of future institutionalization, because there may be certain characteristics (e.g. socioeconomic status) that increase the likelihood of individuals going to high-versus low-quality facilities.
CONCLUSIONS
Customizing programs to address the needs of individuals with risk factors for institutionalization in LTC NHs may improve prevention efforts. We examined characteristics associated with new institutionalizations of individuals receiving SNF services after hospitalization. In this vulnerable population, risk factors varied according to race and ethnicity, age, and cognitive function. We observed a variation in rates between states, suggesting that some new institutionalizations may be preventable. A better understanding of the complex interplay between risk factors and Medicaid policies may further inform targeted prevention efforts. Sponsor's Role: The funding organizations had no role in the design of the study; the collection, management, analysis, and interpretation of the data; or the preparation of the manuscript. ORs are from logistic regression models adjusted for all patient characteristics listed in Table 1 , Diagnosis-Related Group Major Diagnostic Categories (Supplementary Table S1 ), and state of residence.
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Additional Supporting Information may be found in the online version of this article: Figure S1 . Flow chart presenting number of eligible cases remaining at each step as exclusion criteria applied. Table S1 . New institutionalizations by patients' hospital diagnostic-related group major diagnostic category (DRG-MDC). Table S2 . Stratified analyses for all significant interaction terms in the fully interacted (i.e. all possible two-way interaction terms) logistic regression model predicting new institutionalizations. Table S3 . Observed rates and adjusted odds of residence in a long-term care nursing home for at least 90 days or until death, starting within 6 months of discharge from a hospital to a SNF. In this analysis we did not exclude those who died within 6 months of hospital discharge, as we did in the main analyses.
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